Cancer cells can be easily killed when they reach a temperature above 40 degrees. This is known as hyperthermia and the incorporation of nanoparticles (NPs) is helpful to locally rise the temperature. The local heating of NPs could also be used to deliver drugs encapsulated in a specific location inside a body. To achieve the local heating it is necessary to know the temperature profile of the NPs when excited by laser radiation. The COMSOL software was used to simulate the temperature profile of the NPs in an aqueous solution (the cells are mainly composed of water). An analysis is made regarding the temperature rise for different irradiation parameters, NPs concentration and the corresponding potential of locally affecting cancerous cells without significantly affecting adjacent healthy cells.
INTRODUCTION
Nowadays, cancer cells can be killed using different therapies, like chemotherapy and radiotherapy. Among these methods there is hyperthermia that, by elevating the local temperature above 40 degrees, is able to kill cancer cells through necrosis or apoptosis. 1 The nobel metal nanoparticles are promising for biomedical applications because they are nontoxic, can be delivered selectively to the cancer cells site and they present a prominent optical resonance in the visible-NIR range. The plasmonic behavior is mainly determined by their shape and size.
2 The region at which they exhibit this behavior is known as the therapeutic window (600 -1200 nm).
3
At the plasmon resonance, the absorption of light by NPs is strongly enhanced thus helping to have an efficient increase in the local temperature. 4 Another useful application of the NPs could be to deliver, when heated at a certain temperature, drugs encapsulated in a specific location. In order to successfully achieve both hyperthermia and drug delivery, namely to kill the malignant cells without killing healthy cells, it is relevant to known as much as possible the temperature profile of the NPs when excited by a CW laser. The computational power available today allows us to simulate several conditions with a certain degree of complexity, like different concentrations of NPs in an aqueous solution or the Gaussian shape of the laser beam. The temperature dependence simulations were performed using the COMSOL Multiphysics software allowing us to draw the desired geometry and solving it using the finite element method and axial symmetry to reduce computational time.
METHODS
Initially simulations were performed for two different rectangular shape sample consisting of only water. One sample consisted of a rectangle with a width and height of 1 cm, the dimensions of the other sample were a width of 2 cm and 1 cm of height. The parameters of the CW laser used to the excitation were a wavelength λ of 980 nm, an output power P 0 of 1 W and a minimum beam waist ω min of 1.6nm. In all the simulation the initial temperature of the solution was set to 37 o C like the normal body temperature. µm. The expressions for the beam waist ω and the intensity I of the beam were introduced under the scalar expressions tab and are given by
where hz is half the height of the sample. The intensity that is responsible for the heat generation is given by
where a is the absorption coefficient.
The finite element method uses a mesh to determine the temperature profile along the sample. The COMSOL software builds automatically the mesh and is possible to fine the mesh where we expect a great temperature variation. Afterwards, the simulations with the NPs in an aqueous solution with a concentration of 0.1 nM and 1 nM were performed for a sample of 1x1 cm. The extinction coefficient used for the NPs was = 1 · 10 10 M −1 cm −1 . This value is reported by Hsiangkuo Yuan et al 2 and we used it to allow a comparison between both works.
RESULTS

Sample only with water
First, in Figure 1 we present the simulation of a sample with only water and dimensions 2x1 cm but because of the axial symmetry the extent of the r range is only half the width of the sample. All the figures presented are for an exposure time of 300 s. The temperature is expressed in Celsius degrees and the height and width are in centimeters. In Figure 2 we present the simulation of 1x1 cm sample with only water. 
Sample with NPs
In Figure 3 we present the simulation for a 1x1 cm sample with a NPs concentration of 0.1 nM In Figure 3 we present the simulation for a 1x1 cm sample with a NPs concentration of 0.1 nM The next step in our work is to implement an experimental procedure that will allow us to validate the temperature profile obtained. The experimental set up will consist of quantum dots incorporated to the sample and excited by a femto-second laser at a high repetition rate to induce a one-photon excitation. This technique is promising for the acquisition of the spatial temperature variation in real time and a 0.2 o C temperature sensitivity when using quantum dots extremely small (1 nm) as reported by Laura M. Maestro et al. 
DISCUSSION AND CONCLUSION
